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The formation of cholesteryl esters in cells was first described in the 1950s (Mukherjee ef ul.. 1958) . However. the potential importance of this process and the enzyme catalysing it, ACAT.* was particulnrly highlighted by the proposal of the low density-lipoproteinreceptor hypothesis in 1976 (Brown & Goldstein. 1976) . A C A T activity has been found in a wide range of tissues and cell types [see Spector et a/. (197Y) One difficulty in comparing work on A C A T from different sources is the various methods of assay used (Spector rt a/.. 1979) . Much of the earlier work used an assay which was based o n the incorporation of labelled exogenous cholesterol into cholesteryl esters. Because the microsomal fractions in which A C A T is found contain significant amounts of endogenous cholesterol. which is distributed into several pools of unknown size and function. it is not possible to determine an absolute rate Much attention has focused on the regulation of A C A T activity. since. according to the low-density-lipoprotein receptor mechanism, A C A T is activated on uptake of low-density lipoproteins and HMG-CoA reductase is inhibited. Table I  summarizes Studies in vitro also lead to the view that substrate supply is important in determining the measured A C A T activity. A& dition of exogenous cholesterol to microsomal fractions from liposomes or in detergents or organic solvents all lead to Vol. I I Table 2 ). The effects on these two enzymes probably occur by different mechanisms, since ACAT in liver cells loses its sensitivity to 25-hydroxycholesterol in the medium within 18h, whereas the inhibition of HMG-CoA reductase remains constant (Drevon et al., 1979) . The adrenal gland contains a hormone-sensitive cholesterol ester hydrolase (Boyd et al., 1983) and also an active microsomal ACAT system. This enzyme is not sensitive to added cholesterol in the rat or bovine adrenal cortex (K. E. Suckling, D. R. Tocher, C. G. Smellie & G. S. Boyd, unpublished work; Balasubramaniam el al., 1977) , nor is it activated by 25-hydroxycholesterol. It is likely that the adrenal ACAT is more saturated with substrate than is the liver or intestinal enzyme.
The two reported studies on solubilized and reconstituted rat liver ACAT also show the dependence of the activity on membrane cholesterol (Suckling et al., 1982; Doolittle & Chang, 1982) . It was also shown that the activity was very sensitive to the fluidity of the membrane, which was modulated by the fatty acid composition of the phospholipids or by the presence of excess cholesterol. This conclusion is supported by experiments in which the fatty acid composition of the microsomal membranes was altered in uiuo by dietary manipulations (Mitropoulos et af., 1980; Spector et al., 1980) . It is interesting that ACAT must be reconstituted in a membrane for activity to be found, unlike cholesterol 7a-hydroxylase, another liver microsomal enzyme which uses cholesterol as a substrate (Osaza & Boyd, 198 I) .
Much interest and some dispute was generated by reports from several groups that HMG-CoA reductase could be regulated by reversible phosphorylation in vitro (Chock el al., 1979) . There are also some indications that this can occur over a short time period in vivo. Two reports have since appeared to show that cholesterol 7a-hydroxylase can also be regulated in vitro by a similar process, but in the opposite sense (i.e. activated by phosphorylation: Sanghvi et al., 1982; Goodwin 1982) . A similar effect was also found in rat intestinal epithelial cells (Suckling et al., 1983) , and there are also indications that changes of this kind may take place in the short term in uivo (K. E. Suckling. Boyd, unpublished work), a process that logically complements the known activation of cholesterol ester hydrolase by a protein kinase-dependent phosphorylation (Boyd et al., 1983) . It is clear that such a covalent modification is not the only way in which the rate of cholesteryl ester formation is regulated. Substrate supply is still limiting even when microsomal fractions are activated by ATP (Suckling et al., 1983) . In fact the molecular nature of all the effects that modify ACAT activity in vitro (Table 2) is still unclear. Since the observed activity is dependent on the physical state of the membrane, effects transmitted through the membrane as well as those directly acting on the protein must be considered.
The pathway of steroid-hormone biosynthesis in the adrenal cortex involves several different forms of cytochrome P-450 and associated proteins. Some of these are located in the mitochondria. and some in the endoplasmic reticulum. The first step in this pathway is the conversion of cholesterol into pregnenolone, a reaction termed cholesterol side-chain cleavage (Halkerston et a/., 1959 : Constantopoulos & Tchen, 1961 . This reaction is catalysed by a form of cytochrome P-450 denoted as P-45OsCc, which is an integral protein of the mitochondrial inner membrane (Simpson & Boyd, 1 9 6 7~: Yago et a/., 1970;
Jefcoate et a/.. 1973). The pregnenolone is then converted into 17u-hydroxypregnenolone in the endoplasmic reticulum by cytochrome P-450,,,. I7a-Hydroxypregnenolone is converted into 17u-hydroxyprogesterone in the endoplasmic reticulum by the 3P-hydroxy steroid dehydrogenase/isomerase enzyme system. A third form of cytochrome P-450, cytochrome P-450F.,, is responsible for 2 1 -hydroxylation to produce I 1 -deoxycortlsol (Ryan 8c Engel, 1957). The Il-deoxycortisol then leaves the endoplasmic reticulum and re-enters the mitochondria, where it is converted into cortisol by a fourth form of cytochrome P-450, cytochrome P-450, Ip, which catalyses 1 Ip-hydroxylation (Sweat, 195 1: Wilson et al., 1965). This enzyme, like cholesterol side-chain cleavage, is an integral protein of the mitochondrial inner membrane (Yago el al., 1970) . In the mitochondria, reducing equivalents are transferred to cytochrome P-45OsCc and P-450, Ip from NADPH via an electron-transport chain consisting of a flavoprotein. adrenodoxin reductase, and an ironsulphur protein, adrenodoxin (Omura el al., 1966; Simpson & Boyd, 19676) . In the endoplasmic reticulum, reducing equivalents are transferred to cytochrome P-450,,, and P-450,,, from NADPH via a flavoprotein, NADPH :cytochrome P-450 reductase (Sweat et al., 1969).
Corticotropin ('ACTH') has two actions to stimulate adrenocortical steroidogenesis. The first of these is an acute action at the level of cholesterol side-chain cleavage activity. The acute response to corticotropin occurs within minutes and is believed to involve mobilization of cholesterol to the mitochondrion and increased association of cholesterol with cytochrome P-45OS,, 
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Concomitantly, the activities of cholesterol side-chain cleavage and of steroid 1 Ip-hydroxylation decay with similar half-lives. If corticotropin is administered to such animals. these activities and the mitochondrial content of cytochrome P-450 and adrenodoxin are gradually restored toward control values over a period of days. The same is true for the microsomal cytochrome P-450 content and the steroid 2 I-hydroxylase activity.
In seeking to understand the molecular basis of the long-term action of corticotropin on steroidogenesis, we have undertaken investigations of the synthesis of the various enzymes involved in adrenocortical steroid biosynthesis, utilizing bovine adrenocortical cells in primary culture as a model system. In these studies, we have utilized the techniques of radiolabelling of cellular proteins, cell-free translation of cellular RNA, immunoprecipitation of specific proteins, and detection of incorporation of radioactivity by autoradiography after sodium dodecyl sulphate/polyacrylamide-gel electrophoresis.
When comparison was made of the synthesis of the mitochondrial proteins in the cell-free translation system and in the intact cells, it was found that the initial products of translation have a higher molecular weight than the mature proteins (Kramer et al., 1982a) . These results are summarized in Table I . Similar results have been obtained for a number of 'housekeeping' mitochondrial enzymes, which are synthesized extramitochondrially .
The effect of corticotropin on the synthesis of cytochromes P-45OsCc and P-450,,p in bovine adrenocortical cells in monolayer culture is shown in Fig. 1 (Kramer et al., 1983) . During the first 12 h of corticotropin treatment, there was no increase in the rate of cytochrome P-450 synthesis compared with control cells. However, at 24 h, an increase in the rate of synthesis was observed in the cells treated with corticotropin. The rate of synthesis reached a maximum value 36h after initiation of corticotropin treatment. At longer time periods, the rate of synthesis declined, to reach the control value, even though the cells were maintained in the continued presence of corticotropin. 
